(12) INTERN ATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC T) 




<43) International P«bIfcation Date (W) Inlentatiottaf Pubticailoa Number 

26 April 2001 (26.04.2001} PCT WO 01/29178 A2 



<SI) InteraattoaaS Patent Classification 7 : C12N CoHegeville, PA 19426 (US). KING, Andrew, G.; 1649 

Sylvan Drive, Blue Bell, PA 19422 (US), 

(215 latemaliooal Application Number: PCT/US0eG9O72 . „ 

(74) Agents; HAN, William, T, ct al.c SmithKfme Beccnam 

Corpmatian, Corporate Intellectual Property, UW2220, 
(22) laternatteaal FiHng »»t« 19 October 2000 (19,10.2000) 709 Swedeted Road . R0 . Box 1S39, King of Prussia, PA 



19406-0939 (US). 
(81) Designated State (national)'. JP. 



(25) Filing language: English 

(26) Publication Language: English 

(84) Designated States (regional): European, patent (AT, BE, 

„ B . , „ OLCY.DE, DK.ESfFf, FR, OB, OR, IB, IT, LU, MC 

(30) Priority Data: ... sfi " 

09/422,153 21 October 1999 (21.10.1999) US ' ' 

Published: 

(71) Applicant: SMITHKLINE BE EC 11 AM CORPORA- Without internatitmat eetuvdi report and to be republished 

TION [US/US]; One Franklin Plaza, Plufadeiphtis. PA upon receipt of that report. 

19103 (US). 

fty two-letter codes and other abbreviations, refer to ike "Guid- 

(72) Inventors: DILLON, Susan, 8.; 266 Itiirte Place, Alamo, twor .Votes on Codes and Abbreviations" appearing at Ike begin- 
CA 945(37 (US). LORD, Kenneth, A,: 488 Reginald Lane. King of each regular issue of the PCT Gazette, 



< 
r** 

<3\ 

_____ 

i—l (54) Title: EPO PRIMARY RESPONSE GENE 1, EPRG1 
O 

Q (57) Abstract: EPRG1 polypeptides and polynucleotides and methods for producing such polypeptide* by recombinant 'techniques 
are disclosed Aiso disclosed are methods fortrtilfeing EPRGl polypeptides said polynucleotides in therapy, and diagnostic assays 
for such. 



WO 01/2917* 



PCT/USW29072 



EPO PRIMARY RESPONSE GENE 1, EPRG1 

Field of the Invention 

This invention relates to newly identified polypeptides and polynucleotides encoding 
5 such polypeptides, to their use in therapy and in identifying compounds which may be 
agonists, antagonists and/or inhibitors which are potentially useful in therapy, and to 
production of such polypeptides and polynucleotides. 

Background of the Invention 

1 0 The drug discovery process is currently undergoing a fundamental revolution as it 

embraces 'functional genomics', that is, high throughput genome- or gene-based biology. This 
approach is rapidly superceding earlier approaches based on 'positional cloning' A pfienotype, 
that is a biological function or genetic disease, would be identified and this would then be tracked 
back to die responsible gene, basts:! on its genetic map position, 

i 5 Functional genomics relies heavily on the various tools of bioinformaties to identify gene 

sequences of potential interest from the many molecular biology databases now available. There 
is a continuing need to identify and characterise further genes arid iheir related 
polypeptides/proteins, as targets for drug discovery, 

EPRG! (SOCS-3) was isolated from a human hematopoietic cell line which requires; 

20 EPO for proliferation. The expression of EPRG I is induced by EPO. and the presence of EPO is 
required for maintenance of its expression, EPRG I is involved in the proliferation of EPO- 
de pendent cel ls and may be important in the growth and development of erythroid and other 
hematopoietic lineages. Expression of EPRG 1 is induced to a high level in human bone marrow 
treated with G-CSF, and a substantial level of EPRG 1 is also expressed in fetal liver, peripheral 

25 blood leukocytes, lung, and in human bone marrow stimulated with EPO. Furthermore, 
expression of EPRG! is induced by EPO and by TPO in the presence of cydoHexmude, 
indicati ve of a primary genetic response. As a primary response gene, expression of EPRG1 is a 
direct result of acti vation of signalling pathways following binding of EPO or of TPO to their 
cognate receptors. These data indicate that EPRG! is useful in preventing, ameliorating or 

30 correcting dysfunctions or diseases, including, bat not: limited to, cytopenias, including anemia, 
neutropenia, and thrombocytopenia (including those caused by genetic factors, rnyeiosuppressive 
cancer chemotherapy, radiotherapy or accidental irradiation); polycythemia; cancer; metabolic or 
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genetic growth deficiencies; Obesity; infection via immunostimulation; infectious disease 
or cancer via adjuvant enhancement of vaccine therapy; AIDS; drug- induced anemias; 
autoimmune diseases, such as rheumatoid arthritis, diabetes, multiple sclerosis; and 
inflammatory diseases, such as asthma and allergies. 

5 

Summary of the Invention 

The present invention relates to EPRG I, in particular BPRG1 polypeptides and EPRG1 
polynucleotides, recombinant materials and methods for their production. In another aspect, the 
invention relates to methods for using such polypeptides and polynucleotides, including the 

1 0 treatment or prophylaxis of cy topenias, including anemia, neutropenia, and thrombocytopenia 
(including those caused by genetic factors, myelosuppressive cancer chemotherapy, radiotherapy 
or accidental irradiation); polycythemia; cancer; metabolic or genetic growth deficiencies; 
obesity; infection via imrnunostimulatioti; infectious disease or cancer via adjuvant enhancement 
of vaccine therapy ; AIDS; drug-induced anemias; autoimmune diseases, such as rheumatoid 

15 arthritis, diabetes, multiple sclerosis; and inflammatory diseases, such as asthma and allergies, 
hereinafter referred to as "the Diseases", amongst others. In a further aspect, the invention 
relates to methods for identifying agonists and antagonists/inhibitors using the materials 
provided by the invention, and treating conditions associated with EPRG 1 imbalance with the 
identified compounds. In a still further aspect, the invention relates to diagnostic assays for 

20 detecting diseases associated with inappropriate EPRG I activity or levels 

Description of the Invention 

In a first aspect, the present invention relates to EPRG I polypeptides. Such peptides 
include isolated polypeptides comprising an amino acid sequence which has at least 70% 

25 identity, preferably at least 80% identity, more preferably at least 90% identity, yet more 
preferably at least 95% identity, most preferably at least 91-99% identity, to that of SEQ ID 
NO:2 over the entire length of SEQ ID NO:2. Such polypeptides include those comprising the 
amino acid of SEQ ID NO;2, 

Further peptides of the present invention include isolated polypeptides in which the 

30 amino acid sequence has at least 70% identity, preferably at least 80% identity, more 

preferably at least 90% identity, yet more preferably at least 95% identity , most preferably at 
least 97-99% identity, to the amino acid sequence of SEQ ID NO:2 over the entire length of 
SEQ ID NO:2. Such polypeptides include the polypeptide of SEQ ID NO:2. 
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Further peptides of the present invention include isolated polypeptides encoded by a 
polynucleotide comprising the sequence contained in SEQ ID NO; 1 . 

EPRG1 polypeptides of the present invention also include isolated polypeptides 
comprising an amino acid sequence which has at least 70% identity, preferably at least 80% 
5 identity, more preferably at least 90% identity, yet more preferably at least 95% identity, most 
preferably at least 97-99% identity, to that of SEQ ID NO:4 over the entire length of SEQ ID 
NO:4. Such polypeptides; include those comprising the amino acid of SEQ ID NO:4. 

Further peptides of the present invention include isolated polypeptides in which the 
amino acid sequence has at least 70% identity, preferably at least 80% identity, more 
10 preferably at least 90% identity, yet more preferably at least 95% identity, most preferably at 
least 97-99% identity, to the amino acid sequence of SEQ ID NO;4 over the entire length of 
SEQ ID NO:4. Such polypeptides include the polypeptide of SEQ ID NO:4. 

Further peptides of she present invention include isolated polypeptides encoded by a 
polynucleotide comprising the sequence contained in SEQ ID NO:3, 
15 Polypeptides of the present invention are believed to be members of the SOCS family of 

polypeptides. They are therefore of interest because genes in this family modulate activation of 
signal transduction pathways from cell growth and differentiation factors. These properties are 
hereinafter referred to as "EPRGI activity" or "EPRGI polypeptide activity" or "biological 
activity of .EPRGI", Also included amongst these activities are antigenic and immunogenic 
20 activities of said EPRG 1 polypeptides, in particular the antigenic and immunogenic activities of 
the polypeptide of SEQ ID NO:2 or 4. Preferably, a polypeptide of the present invention 
exhibits at least one biological activity of EPRGI . 

The polypeptides of the present invention may be in the form of the ''mature" protein 
or may be a part of a larger protein such as a fusion protein. It is often advantageous to include 
25 an additional amino acid sequence which contains secretory or leader sequences, pro- 
sequences, sequences which aid in purification such as multiple histidine residues, or an 
additional sequence for stability during recombinant production. 

The present invention also includes include variants of the aforementioned polypeptides, 
that is polypeptides thai vary from the referents by conservative amino acid substitutions, 
30 whereby a residue is substituted by another with like characteristics. Typical such substitutions 
are among Ala, Val, Leu and lie; among Ser and Thr; among the acidic residues Asp and Glu; 
among Asn and Gin; and among the basic residues Lys and Arg; or aromatic residues Phe and 
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Tyr. Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids are 
substituted, deleted, or added in any combination. 

Polypeptides of the present invention can be prepared in arty suitable manner. Such 
polypeptides include isolated naturally occurring polypeptides, recombinant!)' produced 
5 polypeptides, synthetically produced polypeptides, or polypeptides produced by a combination of 
these methods. Means for preparing such polypeptides ate well understood in the art. 

In a further aspect, the present invention relates to EPRG1 polynucleotides. Such 
polynucleotides include isolated polynucleotides comprising a nucleotide sequence encoding a 
polypeptide which has at least 70% identity, preferably at least 80% identity, mare preferably at 
1 0 least 90% identity, yet more preferably at least 95% identity, to the amino acid sequence of 
SEQ ID NO:2, over the entire length of SEQ ID NO:2. In this regard, polypeptides which have 
at least 97% identity are highly preferred, whilst those with at least 98-99% identity are mote 
highly preferred, and those with at least 99% identity are most highly preferred. Such 
polynucleotides include a polynucleotide comprising the nucleotide sequence contained in SEQ 
5 5 ID NO; ! encoding the polypeptide of SEQ ID NO:2. 

Further polynucleotides of the present invention include isolated polynucleotides 
comprising a nucleotide sequence, that has at least 70% identity, preferably at. least. 80% identity, 
more preferably at least 90% identity, yet more preferably at least 95% identity, to a nucleotide 
sequence encoding a polypeptide of SEQ ID NO:2, over the entire coding region. In this regard, 
20 polynucleotides which have at least 97% identity are highly preferred, whilst those with at least 
98-99% identity are mote highly preferred, and those with at least 99% identity are most highly 
preferred. 

Further polynucleotides of the present invention include isolated polynucleotides 
comprising a nucleotide sequence which has at least 70% identity, preferably at least 80% 

25 identity, more preferably at least 90% identity, yet more preferably at least 95% identity, to 
SEQ ID NO: 1 over the entire length of SEQ ID NO; 1 . In this regard, polynucleotides which 
have at least 97% identity are highly preferred, whilst chose with at least 9S-99% identiy are snore 
highly preferred, and those with at least 99% identity are most highly preferred. Such 
polynucleotides include a polynucleotide comprising the polynucleotide of SEQ ID NO; I as well 

30 as the polynucleotide of SEQ ID NO: 1 . 

The invention also provides polynucleotides which are complementary to ail the above 
desc ri bed po I y nucleotides , 
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The nucleotide sequence of SEQ ID NO: I is a eDNA sequence and comprises a 
polypeptide encoding sequence (nucleotide 28 to 705) encoding a polypeptide of 225 amino 
acids, the polypeptide of SEQ ID NO:2. The nucleotide sequence encoding the polypeptide of 
SEQ ID NO: 2 may be identical to the polypeptide encoding sequence contained in SEQ ID 
5 NO; I or it may be a sequence other than the one contained in SEQ ID NO: ! . which, as a result 
of the redundancy (degeneracy ) of the genetic code, also encodes the polypeptide of SEQ ID 
NO:2. Preferred polypeptides and polynucleotides of the present invention arc expected to have, 
inter alia, similar biological functions/properties to their homologous polypeptides and 
polynucleotides. Furthermore, preferred polypeptides and polynucleotides of the present 
1 0 invention have at least one EPRG ! act) vhy . 

The present invention also relates to partial or other polynucleotide and polypeptide 
sequences which were first identified prior to the determination of the corresponding full length 
sequences of SEQ ID NO: 1 and SEQ ID NO:2. 

Accordingly, in a further aspect, the present invention provides for an isolated 
15 polynucleotide: 

(a) comprising a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yer mote preferably at least 95% identity, even 
mors preferably at least 97-99% identity to SEQ IT.) NO:5 over the entire length of SEQ IT.) 
NO-.S. 

20 (b) comprising a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, even 
more preferably at least 97-99% identity, to SEQ ID NO: 5 over the entire, length of SEQ ID 
NO 5: 

(c) comprising the polynucleotide of SEQ IDNO:5; 
25 (d) the polynucleotide of SEQ ID NO:5; or 

(e) a polynucleotide which is complementary to a polynucleotide of (a), (b), (c> or (d>. 

In a further aspect, the present invention provides for an isolated polynucleotide: 

(a) comprising a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, even 

30 more preferably at least 97- 99% identity to SEQ ID NQ:3 over the entire length of SEQ ID 
NO;3: 

(b) comprising She polynucleotide of SEQ IDNO:3; 
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(c) comprising a nucleotide sequence encoding a polypeptide which has at least 70% identify, 
preferably at least 80% identity, more preferably at least 90% identity, yet more preferably at 
least 95% identity, even more preferably at least 97-99% identity, to the amino acid sequence 
of SEQ ID N0:4, over the entire length of SEQ ID NO:4; 
5 (d) the polynucleotide of SEQ ID NO:3: or 

(e) a polynucleotide which is complementary to a polynucleotide of (a), (b), (c), or (d). 

Hie present invention further provides for a polypeptide which: 
(a) comprises an amino acid sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, yet more preferably at least 95% identity, most 
.1 0 preferably at least 97-99% identity, to that of SEQ ID NO:4 over the entire: length of SEQ ID 
NO:4; 

f b) has an amino acid sequence which is at least 70% identity, preferably at least 80% identity, 
more preferably at least 90% identity, yet more preferably at least 95% identity, most 
preferably at least 97-99% identity, to the amino acid sequence of SEQ ID NO:4 over the 
15 entire length of SEQ ID NO:4; 

(c) comprises the amino acid of SEQ ID NO:4: and 

(d) is the polypeptide of SEQ ID NO:4; 

as well as polypeptides encoded by a polynucleotide comprising the sequence contained in 
SEQ ID NQ;3. 

20 The nucleotide sequence of SEQ ID NO:5 is derived from EST (Expressed Sequence 

Tag} sequences. It is recognised by those skilled in the art that, there will inevitably be some 
nucleotide sequence reading errors in EST sequences (see Adams, M.D. et at. Nature 377 
(sapp) 3. 1995). Accordingly, the nucleotide sequence of SEQ ID N0 5 is therefore subject to 
the same inherent limitations m sequence accuracy. 

25 Polynucleotides of the present invention may be obtained, using standard cloning and 

screening techniques, from a cDNA library derived from mRNA in cells of human bone marrow 
and hematopoietic cells, using the expressed sequence tag (EST) analysis (Adams, M,D,. et al 
Science (1991) 252:1651-1656; Adams. M.D.ef a/., Nature, (19925 *55:632~634; Adams. 
M B., et at. Nature ( 1995) 37? Supp:3-I74). Polynucleotides of the invention can also be 

30 obtained from natural sources such as genomic DN A libraries or can be synthesized using well 
known and commercially available techniques. 

When polynucleotides of the present invention are used for the recombinant 
production of polypeptides of the present invention, the polynucleotide may include the coding 
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sequence for the mature polypeptide, by itself; or the coding sequence for the mature polypeptide 
in reading frame with other coding sequences, such as those encoding a leader or secretory 
sequence, a pre-, or pro- or prepro- protein sequence, or other fusion peptide portions. For 
example, a marker sequence which facilitates purification of the fused polypeptide can be 
5 encoded, in certain preferred embodiments of this aspect of the invention, the marker sequence is 
a hexa-hisUdine peptide, as provided in the pQE vector (Qiagen, Inc.) and described in Gente ft 
al. , Proc Nad A au! Sci USA ( 1 989} 86:82 1-824, or is an HA tag. The polynucleotide may also 
contain non-coding 5* and 3' sequences, such as transcribed, non-translated sequences, splicing 
and polyadenylation signals, ribosome binding sites and sequences that stabilize mRNA. 

10 Further embodiments of the present invention include polynucleotides encoding 

polypeptide variants which comprise the amino acid sequence of SEQ ID NO:2 or 4 and in which 
several for instance from 5 to 10, 1 to 5, 3 to 3, I to 2 or 1, amino acid residues are substituted, 
deleted or added, in any combination. 

Polynucleotides which are identical or sufficiently identical to a nucleotide sequence 

1 5 contained in SEQ ID NO: 1 , 3 or 5 may be used as hybridization probes for cDNA and genomic 
DNA or as primers for a nucleic acid amplification (PGR) reaction, to isolate full-length cDNAs 
and genomic clones encoding polypeptides of the present invention and to isolate cDNA and 
genomic clones of other genes (including genes encoding homologs and orthologs from species 
other than human) that have a high sequence similarity to SEQ ID NO: 1 , 3 or S. Typically these 

20 nucleotide sequences are 70% identical, preferably 80% identical, more preferably 90% identical, 
most preferably 95% identical to that of the referent. The probes or primers will generally 
comprise al least 15 nucleotides, preferably, at least 30 nucleosides and may have at least 50 
nucleotides. Particularly preferred probes will have between 30 and 50 nucleotides. 

A polynucleotide encoding a polypeptide of the present invention, including homologs 

25 and orthologs from species other than human, may be obtained by a process which comprises the 
steps of screening an appropriate library under stringent hybridization conditions with a labeled 
probe having the sequence of SEQ ID NO: 1, 3 or 5. or a fragment thereof; and isolating full - 
length cDNA and genomic clones containing said polynucleotide sequence. Such hybridization 
techniques are well known to the skilled artisan. Preferred stringent hybridization conditions 

30 include overnight incubation at 42°C in a solution comprising: 50% formamide, 5xS.SC ( 1 50raM 
NaCl. 15mM trisodium citrate), 50 mM sodium phosphate ("pH7.o), 5x Denhardt's solution, 10 # 
dextran sulfate, and 20 roierograrn/ml denatured, sheared salmon sperm DNA; followed by 
washing the filters in 0. Sx SSC at about 65°C. Thus the present invention also includes 
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polynucleotides obtainable by screening an appropriate library under sttngent hybridization 
conditions with a labeled probe having the sequence of SEQ ID NO: 1 , 3 or 5, or a fragment 
thereof. 

The skilled artisan wilt appreciate that, in many cases, an isolated cDNA sequence will 
5 be incomplete, in that the region coding for the polypeptide is cut short at the 5' end of the 
cDNA. This is a consequence of reverse transcriptase, an enzyme with inherently low 
"processivity* (a measure of the ability of the enzyme to remain attached to the template daring 
the polymerisation reaction), failing to complete a DNA copy of the mRNA template during 
1st strand e.DNA synthesis. 

10 There are several methods available and well known to those skilled in the art to 

obtain full-length cDNAs, or extend short cDNAs, for example those based on the method of 
Rapid Amplification ofcDNA ends {RACE) (see, for example. Frohman et al., PNAS USA 85. 
8998-9002, 1988). Recent modifications of the technique, exemplified by the Marathon™' 
technology (Cbntech Laboratories Inc.) for example, have significantly simplified the search 

1 5 for longer cDNAs. In the Marathon™ technology, cDNAs have been prepared from mRNA 
extracted from a chosen tissue and an 'adaptor* sequence Hgatcd onto each end. Nucleic acid 
amplification (PGR) is then carried out to amplify the missing* 5' end of the cDNA using a 
combination of gene specific and adaptor specific oligonucleotide primers. The PGR reaction 
is then repeated using 'nested' primers, that is. primers designed to anneal within the amplified 

20 product (typically an adaptor specific primer that anneals further 3' m the adaptor sequence and 
a gene specific primer that anneals further 5' in the known gene sequence). The products of 
this reaction can then be analysed by DNA sequencing and a foil -length cDNA constructed 
either by joining the product directly to the existing cDNA to give a complete sequence, or 
carrying out a separate foil-length PCR using the new sequence information for She design of 

25 the 5' primer. 

Recombinant polypeptides of the present invention may \x: prepared by processes well 
known in the art from genetically engineered host cells comprising expression systems. 
Accordingly, in a further aspect, the present invention relates to expression systems which 
comprise a polynucleotide or polynucleotides of the present invention, to host cells which are 
30 genetical ly engineered with such expression sy terns and to the production of polypeptides of the 
invention by recombinant techniques. Cell-free translation systems can also be employed to 
produce such proteins using RNAs derived from the DNA construct s of the. present invention. 
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For recombinant production, host cells can be genetically engineered to incorporate 
expression systems or portions thereof for polynucleotides of (he present invention. Introduction 
of polynucleotides into host cells can be effected by methods described in many standard 
laboratory manuals, such as Davis et at, Basic Methods in Molecular Biology ( 1 986) and 
5 Sambrook et aS Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (3989). Preferred such methods include, for 
instance, calcium phosphate transfection, DEAE~dextra« mediated transection, transvection, 
microinjection, cationic lipid-rnetliated transfection, eiectroporation, transduction, scrape loading, 
ballistic introduction or infection, 
1 0 Representative examples of appropriate hosts include bacterial cells, such as 

streptococci staphylococci, E. coii, Strvptamyces and Bacillus subtilts cells; fungal cells, such as 
yeast cells am! Aspergillus cells; insect cells such as Drosophila 82 and Spodoptera Sf9 cells; 
animal cells such as CHO, COS, HeLa, CI 27, 3T3, BHK, HEK 293 and Bowes melanoma cells; 
and plant ceils. 

1 5 A great variety of expression systems can be used, for instance, chromosomal, episoma! 

and virus-derived systems, e.g., vectors derived from bacteria! plasmids, from bacteriophage, 
from transposons. from yeast episomes, from insertion elements, from yeast chromosomal 
elements, from viruses such as bacukt viruses, papova viruses, such as SV40, vaccinia viruses, 
adenoviruses, fowl pox viruses, pseudorabies viruses and retroviruses, and vectors derived from 

20 combinations thereof, such as those derived from plasmid and bacteriophage genetic elements, 
such as cosmkls and phagemids. The expression systems may contain control regions that 
regulate us well as engender expression. Generally, any system or vector which is able to 
maintain, propagate or express a polynucleotide to produce a polypeptide in a host may be used. 
The appropriate nucleotide sequence may be inserted into an expression system by any of a 

25 variety of well-known and routine techniques, such as, for example, those set forth in Sambrook 
et sL MOLECULAR CLONING, A LABORATORY MANUAL (supra). Appropriate secretion 
signals may be incorporated into the desired polypeptide to allow secretion of the translated 
protein into the lumen of the endoplasmic reticulum, the periplastic space or the extracellular 
environment. These signals may be endogenous to the polypeptide or they may be heterologous 

30 signals. 

If a polypeptide of the present invention is to be expressed for use in screening assays, it 
is generally preferred that the polypeptide be produced at the surface of the cell. In this event, 
the cells may be harvested prior to use in the screening assay. If the polypeptide is secreted 
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into the medium, the medium can be recovered in order to recover and purify the polypeptide. 
If produced intracellular!)', the cells roust first be lysed before the polypeptide is recovered. 

Polypeptides of the present invention can be recovered and purified from recombinant 
cell cultures by well-known methods including ammonium sulfate or efbanol precipitation, acid 
5 extraction, anion or cation exchange chromatography, phosphoceJlulose chromatography, 
hydrophobic interaction chromatography, affinity chromatography, hydroxylapatite 
chromatography and lectin chromatography. Most preferably, high performance liquid 
chromatography is employed for purification. Well known techniques for refolding proteins may 
be employed to regenerate active conformation when the polypeptide is denatured during 

10 isolation and or purification. 

This invention also relates to the use of polynucleotides of the present invention as 
diagnostic reagents. Detection of a mutated form of the gene characterised by the polynucleotide 
of SEQ ID NO: 1 , 3 or 5 which is associated with a dysfunction will provide a diagnostic tool that 
can add to. or define, a diagnosis of a disease, or susceptibility to a disease, which results from 

1 5 under-expression, over-expression or altered expression of the gene. Individuals carrying 

mutations in the gene may be detected at the DNA level by a variety of techniques. The present 
invention also contemplates a method of detecting the presence of or absence of variations in 
an EPRG 1 polynucleotide in an individual from -hat of SEQ ID NOS: 1 , 3 or 5, comprising die 
step of: comparing an EPRG I polynucleotide sequence contained in a sample obtained from 

20 the individual with that of SEQ ID NOS: i, 3, or 5, respectively. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from blood, 
urine, saliva, tissue biopsy or autopsy materia!. The genomic DNA may be used directly for 
detection or may be amplified enzymatically by using PCR or other amplification techniques 
prior to analysis. RNA or cDNA may also be used in similar fashion. Deletions and insertions 

25 can be detected by a change in size of the amplified product in compari son to the norma) 

genotype. Point mutations can be identified by hybridizing amplified DNA to labeled EPRG) 
nucleotide sequences. Perfectly matched .sequences can be distinguished from mismatched 
duplexes by RNase digestion or by differences in melting temperatures. DNA sequence 
differences may also be detected by alterations in electrophoretic mobility of DNA fragments m 

30 gels, with or without denaturing agents, or by direct DNA sequencing (ee, e.g. . Myers et al„ 
Science (1985) 230; 1242). Sequence changes at specific locations may also be revealed by 
nuclease protection assays, such as RNase and SI protection or the chemical cleavage method 
(see Cotton etai, Proc Natl Acad Sci USA (1985) 85: 4397-4401), in another embodiment, an 
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array of oligonucleotides probes comprising EPRG1 nucleotide sequence or fragments thereof 
can be constructed to conduct efficient screening of e.g., genetic mutations. Array technology 
methods are vveii known and have general applicability and can be used to address a variety of 
questions in molecular genetics including gene expression, genetic linkage, and genetic 
5 variability {see for example: M.Chee et ah. Science, Vol 274, pp 6)0-6 1 3 ( 1996)). 

The diagnostic assays offer a process for diagnosing ear determining a susceptibility to the 
Diseases through detection of mutation in the EPRG 1 gene by the methods described. In 
addition, such diseases may be diagnosed by methods comprising determining from a sample 
derived from a subject an abnormally decreased or increased level of polypeptide or mRNA. 

1 0 Decreased or increased expression can be measured at the RNA level using any of the methods 
well known in the art for the quantitation of polynucleotides, such as, for example, nucleic acid 
amplification, for instance PGR. RT-PCR, RNase protection, Northern blotting and other 
hybridization methods. Assay techniques that can be used to determine levels of a protein, such 
as a polypeptide of the present invention, in a sample derived from a host are well -known to 

1 5 those of skill in the art. Such assay methods include radioimmunoassays, competitive-binding 
assays. Western Blot analysis and ELiSA assays. 

Thus in another aspect, the present invention relates to a diagonostic kit which 
comprises; 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of SEQ ID 
20 NO: !, 3 or 5, or a fragment thereof ; 

(b) a nucleotide sequence complementary to that of (a): 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID NO:2 or 4, or 
a fragment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the polypeptide of SEQ 
25 IDNO;2or4. 

it will l>e appreciated that in any such kit, (a), (b), (c) or (d) may comprise a substantial 
component. Such a kit will be of use in diagnosing a disease or suxpecfabiiiiy to a disease, 
particularly cytopenias. including anemia, neutropenia, and thrombocytopenia (including those 
caused by genetic factors, myelosuppressive cancer chemotherapy, radiotherapy or accidental 
30 irradiation}; polycythemia; cancer; metabolic or genetic growth deficiencies; obesity; infection 
via immunostimuiation: infectious disease or cancer via adjuvant enhancement of vaccine 
therapy; AIDS; drug-induced anemias; autoimmune diseases, such as rheumatoid arthritis, 
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diabetes, multiple sclerosis: and inflammatory diseases, such as asthma and allergies, amongst 
others. 

The nucleotide sequences of the present invention are also valuable for chromosome 
identification. The sequence is specifically targeted to, and can hybridize with, a particular 
5 location on an individual human chromosome. The mapping of relevant sequences to 

chromosomes according to the present invention is an important first step in correlating those 
sequences with gene associated disease. Once a sequence has been mapped to a precise 
chromosomal location, the physical position of the sequence on the chromosome can be 
correlated with genetic map data. Such data are found in, for example, V. McKasiek, Mcndelian 
1 0 Inheritance in Man {available on-line through Johns Hopkins University Welch Medical Library). 
The relationship between genes and diseases that have been mapped to the same chromosomal 
region are then identified through linkage analysis fcoinherttanee of physically adjacent genes) 
The differences in the cDNA or genomic sequence between affected and unaffected 
individuals can also be determined. If a mutation is observed in some or all of the affected 
J 5 individuals but not in any norma! individuals, then the mutation is likely to be the causative 
agent of the disease. 

The polypeptides of the invention or their fragments or analogs thereof, or cells 
expressing them, can also be used as immunogem to produce antibodies immunospecific for 
polypeptides of the present invention. The term "immunospecific" means that the antibodies 
20 have substantially greater affinity for the polypeptides of the invention than their affinity for 
other related polypeptides in the prior art. 

Antibodies generated against polypeptides of the present invention may be obtained by 
administering the polypeptides or epitope-bearing fragments, analogs or cells to an animal, 
preferably a non-human animal, using routine protocols. For preparation of monoclonal 
25 antibodies, any technique which provides antibodies produced by continuous cell line cultures 
can be used. Examples include the hybridoma technique (Kohlcr. G. and Miistein, €., Nature 
{1975} 256:495.497), the trioma technique, the human B-celi hybridoma technique (Kostbor et 
at.. Immunology Today { ! 983) 4:72} and the EBV-hvbridoma technique {Cole et at . 
MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp. 77 96, Alan R. Liss, Inc.. 
30 5985), 

Techniques for the production of single chain antibodies, such as those described m U S. 
Patent No. 4,946,778, can also be adapted to produce single chain antibodies to polypeptides of 
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[his invention. Also, transgenic mice, or other organisms, including other mammals, may be used 
to express humanized antibodies. 

The above-described antibodies may lie employed to isolate or to identify clones 
expressing the polypeptide or to purify the polypeptides by affinity chromatography. 
5 Antibodies against polypeptides of the present invention may also be employed to treat 

the Diseases, amongst others. 

In a further aspect, the present invention relates to genetically engineered soluble 
fusion proteins comprising a polypeptide of the present invention, or a fragment thereof, and 
various portions of the constant regions of heavy or light chains of iiiwmmogiobuhns of 

10 various subclasses (IgG, IgM. IgA, IgE). Preferred as an immunoglobulin is the constant part 
of the heavy chain of human IgG. particularly IgG I, where fusion takes place at the hinge 
region. In a particular embodiment, the Fc pari can be removed simply by incorporation of a 
clea vage .sequence which can be cleaved with blood clotting factor Xa, Furthermore, this 
invention relates to processes for the preparation of these fusion proteins by genetic 

15 engineering, and to the use thereof for drug screening, diagnosis and therapy. A further aspect 
of the invention also relates to polynucleotides encoding such fusion proteins. Examples of 
fusion protein technology can be found in International Patent Application Nos. W094V29458 
and W094/22914. 

Another aspect of the invention relates to a method for inducing an immunological 
20 response in a mammal which comprises inoculating the mammal with a polypeptide of the 

present invention, adequate to produce antibody and/or T cell immune response to protect said 
animal from the Diseases hereinbefore mentioned, amongst others. Yet another aspect of the 
invention relates to a method of inducing immunological response in a mammal which 
comprises, delivering a polypeptide of the present invention via a vector directing expression 
25 of the polynucleotide and coding for the polypeptide in vivo in order to induce such an 
immunological response to produce antibody to protect said animal from diseases. 

A further aspect of the invention relates, to ati immunotogical/vaceine formulation 
{composition) which, when introduced into a mammalian host, induces an immunological 
response in that mammal to a polypeptide of the present invent ion wherein the composition 
30 comprises a polypeptide or polynucleotide of the present invention. The vaccine formulation 
may further comprise a suitable carrier. Since a polypeptide may be broken down in the 
stomach, it is preferably administered parenterally (for instance, subcutaneous, intramuscular, 
intravenous, or intradermal injection). Formulations suitable for parenteral administration 
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include aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes which render the formulation instonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include suspending 
agents or thickening agents. The formulations may be presented in unit-dose or multi-dose 
5 containers, for example, sealed ampoules and vials and may be stored in a freeze-dried 

condition requiring only the addition of the sterile liquid carrier immediately prior to use. The 
vaccine formulation may also include adjuvant systems for enhancing the immunogenic ity of 
the formulation, such as oil-in water systems and other systems known in the art. The dosage 
will depend on the specific activity of the vaccine and can be readily determined by routine 

10 experimentation. 

Polypeptides of the present invention are responsible for many biological functions, 
including many disease states, in particular the Diseases hereinbefore mentioned. It is therefore 
desirous to devise screening methods to identify compounds which stimulate or which inhibit the 
function of the polypeptide. Accordingly, in a further aspect, the present invention provides for a 

35 method of screening compounds to identify those which stimulate or which inhibit the function of 
the polypeptide. In genera!, agonists or antagonists may be employed for therapeutic and 
prophylactic purposes for such Diseases as hereinbefore mentioned. Compounds may be 
identified from a variety of sources, for example, cells, ceil-free preparations, chemical libraries, 
and natural product mixtures. Such agonists, antagonists or inhibitors so-identified may be 

20 natural or modified substrates, ligartds, receptors, enzymes, etc., as the case may be, of the 
polypeptide: or may be structural or functional mimeties thereof (see Coligan et a!.. Current 
Protocol* in Immunology !(2):Chapter 5 (1991)). 

The screening method may simply measure the binding of a candidate compound to 
the polypeptide, or to cells or membranes bearing the polypeptide, or a fusion protein thereof 

25 by means of a label directly or indirectly associated with the candidate compound. 

Alternatively, the screening method may involve competition with a labeled competitor. 
Farther, these screening methods may test whether the candidate compound results in a signal 
generated by activation or inhibition of the polypeptide, using detection systems appropriate to 
the cells bearing the polypeptide, inhibitors of activation are generally assayed in the presence 

30 of a known agonist and the effect on activation by the agonist by the presence of the candidate 
compound is observed. Constitutive^ active polypeptides may be employed in screening 
methods for inverse agonists or inhibitors, in the absence of an agonist or inhibitor, by testing 
whether the candidate compound results in inhibition of activation of the polypeptide. Further, 
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the screening methods may simply comprise the steps of mixing a candidate compound with a 
solution containing a polypeptide of the present invention, to form a mixture, measuring 
EPRGI activity in the mixture, and comparing the EPRGJ activity of the mixture to a standard. 
Fusion proteins, such as those made from Fc portion and EPRGi polypeptide, as hereinbefore 
5 described, can also be used for high-throughput screening assays to identify antagonists for the 
polypeptide of the present invention (see D. Bennett etai , J Mo! Recognition, 8:52-58 (1995); 
and K. Johansson et ai , J Bio! Chem, 270( i 6);9459-947 1 < J 995)). 

The interact ion of the SH2 domain with a phosphotyrosine peptide is highly specific 
for a given SH2 domain and its particular peptide substrate. The formation of this complex 

10 can be used as the basis to configure an in vitro high-throughput screen using ELISA or other 
suitable means for detection of the association. 

The polynucleotides, polypeptides and antibodies to the polypeptide of the present 
invention may also be used to configure screening methods for detecting the effect of added 
compounds on the production of mRNA and polypeptide in cells. For example, an ELISA 

1 5 assay may he constructed for measuring secreted or cell associated levels of polypeptide using 
monoclonal and polyclonal antibodies by standard methods known in the art. This can be used 
to discover agents which may inhibit or enhance the production of polypeptide (also called 
antagonist or agonist, respectively) from suitably manipulated cells or tissues, 

Die polypeptide may be used to identify membrane bound or soluble receptors, if any, 

20 through standard receptor binding techniques known in the art. These include, but are not 
limited to. ligand binding and crosslinking assays in which the polypeptide is labeled wish a 
radioactive isotope (for instance. '25]}, chemically modified (for instance, biotinylated), or 
fused to a peptide sequence suitable for detection or purification, and incubated with a source 
of the putative receptor (cells, cell membranes, ceil supernatant*, tissue extracts, bodily fluids). 

25 Other methods include biophysical techniques such as surface ptasmon resonance and 

spectroscopy. These screening methods may also be used to identify agonists and antagonists 
of She polypeptide which compete with the binding of the polypeptide to its receptors, if any. 
Standard methods for conducting such assays are well understood in the art. 

Examples of potential polypeptide antagonists include antibodies or, in some cases, 

30 oligonucleotides or proteins which are closely related to the ligands, substrate?:, receptors, 

enzymes, etc, as the case may be, of the polypeptide, e.g.. & fragment of the ligands. substrates, 
receptors, enzymes, etc; or small molecules which bind to the polypeptide of the present 
invention but do not elicit a response, so that the activity of the polypeptide is prevented. 
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Included in the definition of antagonists are ami-sense oligonucleotides <ASO> 
comprising the sequences of SEQ ID NOS: 6 and 7. 

(anti-sense) gaCCATGGCGCACGGAGccA (SEQ ID NO: 6} 

(anti-sense) gcTGTGGGTGACCATGGcgC (SEQ ID NO: 7} 

Lower case nucleotide base indicates 3 -phosphorothioate linkage 

Tims, in another aspect, the present invention relates to a screening kit for identifying 
agonists, antagonists, ligaiids, receptors, substrates, enzymes, etc. for polypeptides of the 
present invention: or compounds winch decrease or enhance the production of such 
polypeptides, which comprises: 

(a) a polypeptide of the present invention: 

(b) a recombinant cell expressing a polypeptide of the present invention; 

(c) a cell membrane expressing a polypeptide of the present invention; or 

(d) antibody to a polypeptide of the present invention; 
which polypeptide is preferably that of SEQ ID NO:2 or 4. 

it will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a 
substantial component. 

It wit! be readily appreciated by the skilled artisan that a polypeptide of the present 
invention may also be used in a method for the structure-based design of an agonist, antagonist 
or inhibitor of the polypeptide, by: 

(a) determining in the first instance she three-dimensional structure of the polypeptide; 
(fa) deducing the three-dimensional structure for the likely reactive or binding sitet's) of an 
agonist, antagonist or inhibitor; 

(c) synthesing candidate compounds that are. predicted to bind to or react with the deduced 
binding or reactive site; and 

id) testing whether the candidate compounds are indeed agonists, antagonists or inhibitors. 
It will be farther appreciated that this will normally be an tnterative process. 

In a further aspect, the present invention provides methods of treating or preventing 
abnormal conditions such as. for instance, eytopemas, including anemia, neutropenia, and 
thrombocytopenia t including those caused by genetic {actors, myekxsuppressive cancer 
chemotherapy, radiotherapy or accidental irradiation): polycythemia: cancer; metabolic or genetic 
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growth deficiencies; obesity; infection via imrminostimuJation; infectious disease or cancer via 
adjuvant enhancement of vaccine therapy; AIDS; drag-induced anemias; autoimmune diseases, 
such as rheumatoid arthritis, diabetes, multiple sclerosis; and inflammatory diseases, such as 
asthma and allergies, related to either an excess of, or an under-expression of, EPR G I 
5 polypeptide activity. 

If the activity of the poly peptide is in excess, several approaches are available. One 
approach comprises administering to a subject in need thereof an inhibitor compound (antagonist) 
as hereinabove described, optionally in combination with a pharmaceutical))? acceptable carrier, 
in an amount effective to inhibit the function of the polypeptide, such as, for example, by 
10 blocking die binding of ligands, substrates, receptors, enzymes, etc., or by inhibiting a second 
signal, and thereby alleviating the abnormal condition. In another approach, soluble forms of 
the polypeptides still capable of binding the tigand, substrate, enzymes, receptors, etc, in 
competition with endogenous polypeptide may be administered. Typical examples of such 
competitors include fragments of the EPROl polypeptide, 

15 

In still another approach, expression of the gene encoding endogenous EPRG ! 
polypeptide can be inhibited using expression blocking techniques. Known such techniques 
involve the use of antisense sequences, such as those comprising the sequence of SEQ ID NO; 
6 or 7, either internally generated or separately administered {see, for example, O'Connor, J 

20 Nmmdmn ( 1 99 1 ) 56:560 in Otigodeoxymicleohdes as Antisense inhibitors of Gene 
Expression, CRC Press. Boca Raton, FL < 1988)). Alternatively, a gene therapy-based 
approach can be used to deliver an expression cassette for production of an anti-sense message 
directly in vi vo. The anti-sense message can be optimized for effectiveness by size and 
location, and avoid toxicity issues associated with artificial oligonucleotides. In yet another 

25 approach, oligonucleotides which form triple helices with (he gene can be supplied (see. for 
example, Lee et al„ Nucleic Acids Res (1979) 6:3073: Cooney el «/., Science {J 988) 241 :4S6; 
Dervan et «/.. Science { 1991) 251:1360). These oligomers can be administered per seer the 
relevant oligomers can be expressed in vivo, 

EPRG 1 is n negative regulator that acts as a feedback inhibitor. Inhibition of EPRG ! 

30 function enhances the growth and differentiation of hematopoietic cells. Consequently, ex vivo 
treatment of hematopoietic progenitors / stem cells from bone marrow, con! blood or blood 
following stem cell mobilization protocols is expected to improve the effectiveness of 
hematopoietic recovery. Treatment would consist of incubation of inhibitors specific for EPRG 1 , 
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such as anti-sense oligonucleotides (ASO). with hematopoietic cells for a period of time under 
conditions in which inhibitor (e.g. oligonucleotide) uptake can occur. EPRG- 1 inhibitor treated 
hematopoietic ceils could be directly transplanted into a patient needing a stem ceil transplant or 
cultured ex vivo in expansion medium containing one or more hematopoietic growth factors 
5 (such as G-CSF, EPO, TPO, IL-1 1 , 1L-3, PEG-rHuMGDF (polyethylene giycol-conjngated 
recombinant human megakaryocyte growth and development factor), EET-3, NESP (novel 
erythropoiesis stimulating protein), NEUPOGEN SD, etc.) to increase the number of progenitor / 
stem cells before transplantation. In view of the above, one particular envisioned utility of the 
inhibitor is the in vivo administration for the treatment of cytopenia. The cytopenia condition 

10 may be genetic or due to myelosuppressive cancer chemotherapy, radiotherapy or accidental 

irradiation. In vivo administration of an inhibitor of EPRG- i nay he effective alone or optimally 
in combination with cytokine therapy (i.e. G-CSF, PEG-rHuMGDF . EPO, TPO, IL \ 1 , 1L-3. 
FLT-3, NESP, NEUPOGEN SD. etc.). 

In one preferred aspect, the present invention relates to the EPRG I anti-sense 

15 oligonucleotides. Such anti-sense oligonucleotides preferably include chemically synthesized 
phosphorothioate linked oligonucleotides which contain nucleotide sequences which effectively 
hybridize with SOCS-3 mRNA and prevent SOCS-3 protein production; and any other 
oligonucleotides which can hybridize to SOCS-3 mRNA that have other backbone modifications 
made to confer nuclease resistance.. Examples of such chemically synthesized phosphorothioate 

20 linked oligonucleotides are the sequences comprising the sequence of SEQ ID NO: 6 or 7, 
In another preferred aspect of the invention relates to a method for increasing the 
effectiveness and engraftment of hematopoietic stein ceil transplantation by treating human 
hematopoietic progenitor / stem cells with an inhibitor of EPRG 1 . comprising: 

(a) mixing a EPRG1 inhibitor with a solution containing hematopoietic progenitor and stem 
25 cells, ex vivo, followed by transplantation of the hematopoietic ceils into a patient in need 

thereof; or 

(b) mixing a EPRG1 inhibitor with a solution containing hematopoietic ceils in an ex vivo 
stem cell expansion culture system followed by transplantation of the hematopoietic cells into 
the patient ; or 

30 <c) administering EPRG i inhibitor in vivo as an adjunct to hematopoietic stem cell 

transplantation or during the treatment of cytopenia (e.g. chemotherapy-induced neutropenia, 
anemia, thrombocytopenia). The preferred EPRG I inhibitor is an ami sense oligonucleotide, 
and in particular the sequence comprising the sequence of SEQ ID NO: 6 or ?, 
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Yet in another aspect the instant invention relates to a method tor increasing the 
efficiency of gene therapy transfer into hematopoietic stern ceils comprising (a) isolating 
hematopoietic stem ceils or modified stem cell lines and incubating with EPRG i inhibitor 
before transfeetion with plasmid vectors containing any corrective gene of interest useful in 
5 treating a hereditary genetic diseases (e.g. ADA deficiency gene therapy). Preferred EPRG 1 
inhibitor is an antisense oligonucleotide, and in particular the sequence comprising the 
sequence of SEQ I'D NO: 6 or 7. 

For treating abnormal conditions related to an under-express ion of EPRG i and its 
activity, several approaches are also available. One approach comprises administering to a 

10 subject a therapeutically effective amount of a compound which activates a polypeptide of the 
present invention, i.e., an agonist as described above, in combination with a pharmaceutscally 
acceptable carrier, to thereby alleviate (he abnormal condition. Alternatively, gene therapy may 
be employed to effect the endogenous production of EPRG 1 by the relevant cells in the subject. 
For example, a polynucleotide of the invention may be engineered for expression in a replication 

1 5 defective retroviral vector, as discussed above. The retroviral expression construct may then be 
isolated and introduced into a packaging ceil transduced with a retroviral plasmid vector 
containing RNA encoding a polypeptide of the present invention such that the packaging cell 
now produces infectious viral particles containing the gene of interest. These producer cells may 
be administered to a subject for engineering ceils in vivo and expression of the polypeptide in 

20 vivo. For an overview of gene therapy, see Chapter 20, Gene Therapy and other Molecular 
Genetic-based Therapeutic Approaches, (and references cited therein) in Human Molecular 
Genetics, T Strachan and A P Read, BIOS Scientific Publishers Ltd ( 1996). Another approach is 
to administer a therapeutic amount of a polypeptide of the present invention in combination with 
a suitable pharmaceutical carrier. 

25 In a further aspect, the present invention provides for pharmaceutical compositions 

comprising a therapeutically effective amount of a polypeptide, such as the soluble form of a 
polypeptide of the present invention, agonist/antagonist peptide or small molecule compound, in 
combination with a pharmaceuticaSiy acceptable carrier or excipient. Such carriers include, but 
are not limited to, saline, buffeted saline, dextrose, water, glycerol, ethanot and combinations 

30 thereof. The invention further relates to pharmaceutical packs and kits comprising one or mote 
containers filled with one or more of the ingredients of the aforementioned compositions of the 
invention. Polypeptides and other compounds of the present invention may be employed alone or 
in conjunction with other compounds, such as therapeutic: compounds, 
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The composition will he adapted to the route of administration, for instance by a 
systemic or m oral mute. Preferred forms of systemic administration include injection, typically 
by intravenous injection. Other injection routes, such as subcutaneous, intramuscular, or 
intraperitoneal, can be used. Alternative means for systemic administration include transnnteosal 
5 and transdermal administration using penetrants such as bile salts or fusidic acids or other 
detergents, in addition, if a polypeptide or other compounds of the present invention can be 
formulated in an enteric or an encapsulated formulation, oral administration may also be possible. 
Administration of these compounds may also be topical and/or localized, in the form of salves, 
pastes, gels, and the like. 

10 The dosage range required depends on the choice of peptide or other compounds of the 

present invention, the route of administration, the nature of the formulation, the nature of the 
subject's condition, and the judgment of the attending practitioner. Suitable dosages, however, 
are in the range of 0.1-100 pg/kg of subject Wide variations in the needed dosage, however, are 
to be expected in view of the variety of compounds available and the dif fering efficiencies of 

1 5 various routes of administration. For example, oral administration would be expected to require 
higher dosages than administration by intravenous injection. Variations in these dosage levels 
can be adjusted using standard empirical routines for optimization, as is well understood in the 
art. 

Polypeptides used in treatment can also be generated endogenonsly in the subject, in 
20 treatment modalities often referred to as "gene therapy'* as described above. Thus, for example, 
cells from a subject may be engineered wish a polynucleotide, such as a DNA or RNA. to encode 
a polypeptide ex vivo, and for example, by the use of a retroviral plasmid vector. The cells are 
then introduced into the subject. 

Polynucleotide and polypeptide sequences form a valuable information resource with 
25 which to identify further sequences of similar homology . This is most easily facilitated by 

storing the. sequence in a computer readable medium and then using the stored data to search a 
sequence database using well known searching tools, such as GCG. Accordingly, in a further 
aspect, the present invention provides for a computer readable medium having stored thereon a 
polynucleotide comprising the sequence of SEQ ID NO: 1, 3 or 5 and/or a polypeptide 
30 sequence encoded thereby. 

The following definitions are provided to facilitate understanding of certain terms used 
frequent !y hereinbefore. 
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"Antibodies" as used herein includes polyclonal and monoclonal antibodies, chimeric, 
single chain, and humanized antibodies, as well as Fab fragments, including the products of an 
Fah or other immunoglobulin expression library. 

"Isolated" means altered "by the hand of man" from the natural state. If an "isolated" 
5 composition or substance occurs in nature, it has been changed or removed from its origin;]! 
environment, or both. For example, a polynucleotide or a polypeptide naturally present in a 
living animal is not "isolated," but the. same polynucleotide or polypeptide separated from the 
coexisting materials of its natural state is "isolated", as the term is employed herein, 
"Polynucleotide" generally refers to any polyribonucleotide or 

10 poiydeoxribonucleofide, which may be unmodified RNA or DNA or modified RNA or DMA. 
"Polynucleotides" include, without limitation, single- and double- stranded DNA, DNA thai is 
a mixture of single- and double-stranded regions, single- and double-stranded RNA, and RNA 
that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA and 
RNA that may be single-stranded or, more typically, double-stranded or a mixture of single* 

15 and double-stranded regions. In addition, "polynucleotide" refers to triple-stranded regions 
comprising RNA or DNA or both RNA and DNA. The term "polynucleotide" also includes 
DNAs or RNAs containing one or more modified bases and DNAs or RNAs with backbones 
modified for stability or for other reasons. "Modified" bases include, for example, tritylated 
bases and unusual bases such as tnostne. A variety of modifications may be made to DNA and 

20 RNA; thus, "polynucleotide" embraces chemically, enzymatieaily or metabolieally modified 
forms of polynucleotides as typically found in nature, as well as the chemical forms of DNA 
and RNA characteristic of viruses and cells "Polynucleotide" also embraces relatively short 
polynucleotides, often referred to as oligonucleotides. 

"Polypeptide" refers to any peptide or protein comprising two or more amino acids 

25 joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres. 

"Polypeptide'* refers to both short chains, commonly referred to as peptides, oligopeptides or 
oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain 
amino acids other than the 20 gene-encoded amino acids "Polypeptides" include amino acid 
sequences modified either by natural processes, such as post-translational processing, or by 

30 chemical modification techniques which are well known in the art. Such modifications are 
well described in basic texts and in more detailed monographs, as well as in a voluminous 
research literature. Modifications may occur anywhere in a polypeptide, including the peptide 
backbone, the amino acid side-chains and the amino orcarboxy! termini. It will be appreciated 
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that the same type of modification may be present to the same or varying degrees at several 
sites in a given polypeptide. Also, a given polypeptide may contain many types of 
modifications. Polypeptides may be branched as a result of ubiqnit ination, and they may be 
cyclic, with or without branching. Cyclic, branched and branched cyclic polypeptides may 
5 result from post-translation natural processes or may be made by synthetic methods. 
Modifications include aeetylation, acylatton, ADP-ribosylatson, amidatjon, covalent 
attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a 
nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 
attachment of phosprtotidylinositoi, cross-linking, cyclizauon. disulfide bond formation, 

10 detnethylacion, formation of covalent cross-Jinks, formation of cystine, formation of 

pyrogiutamate, formyiation, garnroa-earboxyiauon. gfycosylaiion, GPI anchor formation, 
hydroxy tation, iodination, methyiation, myristoylation, oxidation, proteolytic processing, 
phosphorylation, preny ration, racemization, setenoylation, sulfation, transfer- RNA mediated 
addition of amino acids to proteins such as arginyiation, and ubiquitination {see, for instance. 

1 5 PROTEINS - STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed.. T. E. Creighton. 
W, H. Freeman and Company, New York, 1993; Wold, P., Post-translationa! Protein 
Modifications: Perspectives and Prospects, pg«. 1- 12 in POSTTRANSLATIONAL 
COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed., Academic Press, New 
York, 1983; Setfter et ai, "Analysts for protein modifications and nonprotein cefaclors'", Meth 

20 Enzymoi (1990) i 82:626-646 and Rattan et at , "Protein Synthesis: Post-transiationai 
Modifications and Aging", Ann NY Acad Set (1992) 663:48-62). 

"Variant" refers to a polynucleotide or polypeptide that differs from a reference 
polynucleotide or polypeptide, but retains essential properties. A typical variant of a 
polynucleotide differs in nucleotide sequence from another, reference polynucleotide. 

25 Changes in the nucleotide sequence of the variant may or may not alter the amino acid 

sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide changes may 
result in amino acid substitutions, additions, deletions, fusions and truncations in the 
polypeptide encoded by the reference sequence, as discussed below, A typical variant of a 
polypeptide differs in amino acid sequence from another, reference polypeptide. Generally, 

30 differences are limited so that the sequences of the reference polypeptide and the variant are 
closely similar overs!! and, in many regions, identical. A variant and reference polypeptide 
may differ in amino acid sequence by one or more, substitutions, additions, deletions in any 
combination . A substituted or inserted amino acid residue may or may not be one encoded by 
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the genetic code, A variant of a polynucleotide or polypeptide may be a naturally occurring 
such as an allelic variant, or it may be a variant that is not known to occur naturally. Non- 
naturaliy occurring variants of polynucleotides and polypeptides may be made by mutagenesis 
techniques or by direct synthesis. 
5 ''Identity," as known in the art, is a relationship between two or more polypeptide 

sequences or two or more polynucleotide sequences, as the case may be, as determined by 
comparing the sequences. In the art, "identity" also means the degree of sequence relatedness 
between polypeptide or polynucleotide sequences, as the case may be, as determined by the 
match between strings of such sequences. "Identity" can be readily calculated by known 

10 methods, including but not limited to those described in (Computational Molecular Biology, 
Lesk, A.M., ed„ Oxford University Press, New York, 1988; Biocomputing: Informatics and 
Genome Projects. Smith, D.W., ed„ Academic Press, New York. 1993; Computer Analysis of 
Sequence Data, Part I. Griffin, A.M.. and Griffin, H.G., eds.. Humana Press, New jersey, 1994; 
Sequence Analysis in Molecular Biology, von Heinje. G.. Academic Press, 1987; and Sequence 

1 5 Analysis Primer, Gribskov, M. and Devereux, J., eds.. M Stockton Press, New York, 1991; and 
Cartiio, H„ and Lipman, D„ S1AM ./. Applied Mtuh.> 48: 1073 (1988). Methods to determine 
identity are designee! to give the largest match between the sequences tested. Moreover, methods 
to determine identity are codified in publicly available computer programs. Computer program 
methods to determine identity between two sequences include, but are not limned to, the GCG 

20 program package (Devereux, J., et a!., Nucleic Acids Research i2(l): 387 ( 3984)}, BLAST?, 

BLASTN, and PASTA (Atschui. S.F. et a!„ J. Moke. Biol. 215: 403-4 1 0 f 1 990). The BLAST X 
program is publicly available from NCBI and other sources {BLAST Manual, AiischuJ. $,. et «/., 
NCBI NLM Nil! Bethesda. Ml) 20894: AlischuL S„ et at . ./. Mot. dial 2/5: 403-410 (1990). 
The well known Smith Waterman algorithm may also be used to determine identity. 

25 Parameters for polypeptide sequence comparison include the following; 

5 ) Algorithm: Needieman and Wunsch, S. Mot Bio!- 48: 443-453 (1970) 
Comparison matrix: BLOSSUM62 from Hentikoff and Hentikoff. Proe. Natl. Acad. Sci. USA, 
89:10915-10919(1992) 
Gap Penalty: 12 

30 Gap Length Penalty: 4 

A program useful with these parameters is publicly available as the "gap" program from Genetics 
Computer Group, Madison Wl The aforementioned parameters are the default parameters for 
peptide comparisons (along with no penalty for end gaps). 
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Parameters for polynucleotide comparison include the following: 
! ) Algorithm; Keedleman and Wtmsch, J. Mo! Biol. 48: 443 -453 ( 1 970) 
Comparison matrix: matches, ss +10. mismatch = 0 
Gap Penalty: 50 
5 Gap Length Penalty; 3 

A vailable as: The "gap" program from Genetics Computer Group, Madison Wi, These are the 
default parameters for nucleic acid comparisons, 

A preferred meaning for "identity" for polynucleotides and polypeptides, as the case may 
be, are provided in (!) arid (2) below. 

10 (!) Polynucleotide embodiments further include an isolated polynucleotide 

comprising a polynucleotide sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 100% 
identity to the reference sequence of SEQ ID NO:!, wherein said polynucleotide sequence, may 
be identical to the reference sequence of SEQ ID NO: i or may include up to a certain integer 
number of nucleotide, alterations as compared to the reference sequence, wherein said alterations 

15 are selected from the group consisting of at least one nucleotide deletion, substitution, including 
transition and transversicn, or insertion, and wherein said alterations may occur at the 5' or 3" 
terminal positions of the reference nucleotide sequence or anywhere between those terminal 
positions, interspersed either individually among the nucleotides in the reference sequence or in 
one or more contiguous groups within the reference sequence, and wherein said number of 

20 nucleotide alterations is determined by multiplying the total number of nucleotides in SEQ ID 
NO: J by the integer defining the percent identity divided by 100 and then subtracting that 
product from said total number of nucleotides in SEQ ID NO: 1 , or: 

»n * *n ' (*n ■ Vl 

25 

wherein n n is the number of nucleotide alterations, x n is the total number of nucleotides in SEQ 
ID NO:l, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for 85%, 0.90 for 
90%. 0,95 for 95%, 0.97 for 97% or LOO for 100%, and • is the symbol for the multiplication 
operator, and wherein any non-integer product of x n and y is rounded down to the nearest integer 
30 prior to subtracting it from X n . Alterations of a polynucleotide sequence encoding the 
polypeptide of SEQ ID NO:2 may create nonsense, mtssense or frameshift mutations in this 
coding sequence and thereby alter the polypeptide encoded by the polynucleotide following such 
alterations. 
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By way of example,, a polynucleotide sequence of the present invention may be identical 
to the reference sequence of SEQ ID NO;2, that is it may be 100% identical, or is may include up 
to a certain integer number of amino acid alterations as compared to the reference sequence such 
that the percent identity is Jess than 100% identity. Such alterations are selected from the group 
consisting of at least one nucleic acid deletion, substitution, including transition and 
transversion, or insertion, and wherein said alterations may occur as the 5' or 3' terminal 
positions of lise reference polynucleotide sequence or anywhere between those terminal 
positions, interspersed either individually among the nucleic acids in the reference sequence or 
in one or more contiguous groups within the reference sequence. The number of nucleic acid 
alterations for a gi ven percent identity is determined by multiplying the total number of amino 
acids in SEQ ID NO:2 by the integer defining the percent identity di vided by 100 and then 
subtracting that product from said total number of amino acids in SEQ ID NO:2, or: 

n n < x n - (x n ♦ y), 

wherein n n is the number of amino acid alterations. x„ is she total number of amino acids in SEQ 
ID NO:2, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., • is the symbol for the 
multiplication operator, and wherein any non- integer product of x a and y is rounded down to the 
nearest integer prior so subtracting is from x n . 

(2) Polypeptide embodiments further include an isolated polypeptide comprising a 
polypeptide having at least a 50,60, 70, 80, 85, 90, 95, 97 or 100% identity so a polypeptide 
reference sequence of SEQ ID NO:2, wherein said polypeptide sequence may be identical to the 
reference, sequence of SEQ ID NO: 2 or may include up to a certain integer number of amino 
acid alterations as compared to the reference sequence, wherein said alterations are selected from 
the group consisting of at least one amino acid deletion, substitution, including conservative and 
non-conservative substitution, or insertion, and wherein said alterations may occur at the amino- 
orcarboxy •terminal positions of the reference polypeptide sequence or anywhere be: ween those 
terminal positions, interspersed either individually among the amino acids in the reference 
sequence or in one or more contiguous groups within the reference sequence, and wherein said 
number of amino acid alterations is determined by multiplying the total number of ammo acids 
in SEQ ID NO. 2 by the integer defining the percent identity divided by 100 and then subtracting 
that product from said total number of amino acids in SEQ ID NO:2, or: 
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wherein n a is the number of ammo acid alterations, x a is the total number of amino acids, in SEQ 
ID NO:2, y is 0.50 for 50%, 0.60 for 60%. 0.70 for 70%, 0.S0 for 80%, 0.85 for 85%, 0.90 for 
90%, 0.95 for 95%, 0.97 for 97% or LOG for 100%, and • is the symbol for the multiplication 
operator, and wherein any non- integer product of x a and y is rounded down to the nearest integer 
5 prior to subtracting it from x a . 

By way of example, a polypeptide sequence of the present in vention may be identical to 
the reference sequence of SEQ ID NO:2, that is it may be 100% identical, or it may include up to 
a certain integer number of amino acid alterations as compared to the reference sequence such 
that the percent identity is less than 100% identity. Such alterations are selected from the group 

10 consisting of at least one amino acid deletion., substitution, including conservative and non- 
conservative substitution, or insertion, and wherein said alterations may occur at the amino- or 
carbosy-terminai positions of the reference polypeptide sequence or anywhere between those 
terminal positions, interspersed either individually among the amino acids in the reference 
sequence or in one or more contiguous groups within the reference sequence. The number of 

15 amino acid alterations for a given % identity is determined by multiplying the total number of 
amino acids in SEQ ID NO: 2 by the integer defining the percent identity divided by 100 and then 
subtracting that product from said total number of amino acids in SEQ ID NO:2> or: 

n a <x a *<x a *y), 

20 

wherein n a is the number of amino acid alterations, x a is the total number of amino acids in SEQ 
ID NO;2, y is, for instance 0 70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and • is the symbol 
for the multiplication operator, and wherein any non-integer product of x a and y is rounded 
down to the nearest integer prior to subtracting it from X a , 

25 "Fusion protein" refers to a protein encoded by two. often unrelated, fused genes or 

fragments thereof, in one example. EP-A-0 464 discloses fusion proteins comprising various 
portions of constant region of immunoglobulin molecules together with another human protein 
or part thereof. In many cases, employing an immunoglobulin Fc region as a part of a fusion 
protein is advantageous for use in therapy and diagnosis resulting in, for example, improved 

30 pharmacokinetic properties (see, e.g., EP-A0232 262]. On the other hand, for some uses is 
would be desirable to be able to delete the Fe part after the fusion protein lias been expressed, 
detected and purified. 
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All publications, including but not limited to patents and patent applications, cited in 
this specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as though fully 
set forth. 

5 

Example 1 

On northern blots of UT7-EPO ceils, EPRG1 is observed as a single 2.4 kb message. 
EPRGS can be detected at low levels in log phase cells proliferating in medium supplemented 
with \Q% FBS and rh-EPO. Upon overnight starvation for EPO, message levels decay to 

10 undetectable levels. EPRGl is rapidly induced upon EPO stimulation, being readily detectable 
at 3/2 hour, with the maximum level achieved at about 1 hour. Somewhat higher levels are 
attained when cells have been starved for FBS as well as EPO, Expression of EPRG J then 
decreases, but remains elevated for at least 6 hours. 

EPRGl is induced by EPO in the presence of the protein synthesis inhibitor. 

1 5 cycloheximide, even though there is no induction of EPRG 3 when cycloheximide alone is 
added. The treatment with EPO+cycloheximide leads to modest supet induction of EPRG i 
message levels over that obtained with EPO by itself. EPRGl is also induced by TPO in 
human megakaryoblastic leukemia ceil lines, MO?e and CMK, as well as being superinduced 
when stimulated in the presence of cycloheximide. These observations show EPRGl to be an 

20 EPO and a TPO primary response gene, whose induction of expression is not dependent on 
new protein synthesis. Induction of EPRGl expression must therefore occur through direct 
acti vation of signalling pathway(s) by EPO and by TPO. 

In human bone marrow, EPRG I is also expressed as a single 2.4 kb message on 
northern blots. It is induced in in viiro culture by treatment with EPO, but expression is much 

25 more strongly induced by stimulation with G-CSF. The elevated expression of EPRG i is 
sustained by the cells in culture for at least 7 days, showing that EPRGl likely serves an 
important function in the development and maturation of different hematopoietic lineages. 

Expression of EPRG 1 has been found by probing northern blots with RNA from other 
tissues. The highest levels occur in hematopoietically related ones, including bone marrow, 

30 fetal liver, peripheral blood leukocytes, and lung. EPRGl is also expressed in spleen and 
thymus to a lesser extent. 

The 3-UTR segment of the RNA transcript (nucleotide #475-21 1 1 of SEQ ID NO: 3) 
should be useful for diagnostic purposes because 3 -IFFRs are unique to a gene and sequence 
specific. In addition, the 3-UTR may be valuable in the development of screening assays to 

35 identify agents which modulate RNA stability and turnover rate. Decreasing the message's 
steady state level would decrease the amount of translated protein in the cell, antagonizing the 
protein's action. Because members of the SGCS family are negative regulators of growth 
factor signal transduction, a SGCS antagonist would function as an agonist of the growth 
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factor. One way of achieving this result would be through antisense technology in order to 
decrease or eliminate the EPRG3 message. Because determinants of RNA stability have 
frequently been associated with the 3* UTR sequence, a second means would involve 
modulating the cellular mechanisms governing turnover of Che EPRG 3 message. 

5 

Example 2 

The utility of EPRG i anti-sense oligonucleotides is exemplified by the following 
example, .Incubation of human bone marrow cells with anti-sense orientation olignucieolides 

10 of SEQ ID NO: 6 and SEQ ID NO: 7, but not with sense orientation oligonucleotides of SEQ 
ID NO: 8 for several hours in serum- free medium results in enhanced responsiveness of bone 
marrow progenitor / stem cells to optimal and suboptimai concentrations of colony stimulating 
factors such as G-CSF and EPO. As an example, addition of G-CSF at 10 fig/mi resulted in 
approx. 40 colonies / well (50,000 bone marrow cells/well). Marrow cells intubated with 

15 EPRGI sense oligonucleotide of SEQ ID NO:8 resulted in an average of approx. 41 colonies / 
well. In contrast, bone marrow cells incubated with EPRGI anti-sense oligonucleotide of SEQ 
JD NO: 7 resulted in an average of approx. 61 colonies / well. 

SEQ ID NO: 6 gaCCATGGCGCACGGAGccA 



20 



SEQ ID NO: 7 



gcTGTGGGTGACCATGGcgC 



S EQ ID NO; 8 



ccGTGCGCCATGGTC ACcc A 



25 



Lowercase nucleotide bases indicate 3 - phospliot'Othioate linkage 
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What is claimed is: 

i . An isolated polypeptide selected from the group consisting of: 

(i) an isolated polypeptide comprising an amino acid sequence selected from the 
5 group having at least: 

(a) 70% identity; 
(h) 80% identity; 

(c) 90% identity; or 

(d) 95% identity 

10 to the amino acid sequence of SEQ ID NO:4 over the entire length of SEQ ID 

NO:4; 

(it) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO:4 or 
(tit) an isolated polypeptide which is the amino acid sequence of SEQ ID N04 

3 5 2. An isolated polynucleotide selected from the group consisting of: 

<i) an isolated polynucleotide comprising a nucleotide sequence encoding a polypeptide 
that has at least 

(a) 70% identity; 

(b) 80% identity; 
20 (c) 90% identify, or 

id) 95% identity; 

to the amino acid sequence of SEQ ID NO:4. over the entire length of SEQ ID NO:4; 
(it) an isolated polynucleotide comprising a nucleotide sequence that has at least: 
(a) 70% identity 
25 (b) 80% identity; 

(c) 90% identity; or 

(d) 95% identity; 

over its entire length to a nucleoside sequence encoding the polypeptide of SEQ ID 
NO:4; 

30 (iii) an isolated polynucleotide comprising a nucleotide sequence which has at least; 

(a) 70% identity; 

(b) 80% identity; 

(c) 90% identity; or 
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(d) 95% identity; 
to that of SEQ ID NO: 3 over the entire length of SEQ ID NO:3; 
(iv) an isolated polynucleotide comprising a nucleotide sequence encoding the 
polypeptide of SEQ ID NO:4; 
5 (vj) an isolated polynucleotide which is the polynucleotide of SEQ ID NO: 3; or 

<vi) an isolated polynucleotide obtainable by screening an appropriate library under 
stringent hybridization conditions with a labeled probe having the sequence of SEQ ID 
NO: 3 or a f ragment thereof.; 

or a nucleotide sequence complementary to said isolated polynucleotide. 

10 

3. An antibody imrnunospecific for the polypeptide of claim I . 

4. A method lor the treatment of a subject: 

(j) in need of enhanced activity or expression of the polypeptide of claim I 
35 comprising: 

(a) administering to the subject a therapeutically effective amount of an 
agonist to said polypeptide; and/or 

(h) providing to the subject an isolated polynucleotide comprising a 

nucleotide sequence encoding said polypeptide in a form so as to effect 
20 production of said polypeptide activity in vivo.: or 

(») having need so inhibit activity or expression of the polypeptide of claim 1 
comprising: 

(a) administering to the subject a therapeutically effective amount of an 
antagonist to said polypeptide; and/or 
25 (h) administering to the subject a nucleic acid molecule thai inhibits the 

expression of a nucleotide sequence encoding said polypeptide; and/or 
(c) administering to the subject a therapeutically effective amount of a 
polypeptide that competes with said polypeptide for its ligand, 
substrate , or receptor. 

30 

5. A process lor diagnosing a disease or a susceptibility to a disease in a subject related to 
expression or activity of the polypeptide of claim ] in a subject comprising; 
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(a) determining the presence or absence of a mutation in the nucleotide sequence 
encoding said polypeptide in the genome of said subject; and/or 

(b) analyzing for the presence or amount of said polypeptide expression in a 
sample derived from said subject. 

5 

6. A method for screening to identify compounds which stimulate or which inhibit the function 
of the polypeptide of claim 5 which comprises a method selected from the group consisting of : 
(a) measuring the binding of a candidate compound to the polypeptide (or to the cells 
or membranes bearing the polypeptide) or a fusion protein thereof by means of a label 
1 0 directly or indirectly associated with the candidate compound; 

(h) measuring the binding of a candidate compound to the polypeptide, (or to the cells 
or membranes bearing the polypeptide) or a fusion protein thereof in the presence of a 
labeled competitor, 

(c) testing whether the candidate compound results in a signal generated by activation 
55 or inhibition of the polypeptide, using detection systems appropriate to the cells or ceil 

membranes bearing the polypeptide; 

(d) mixing a candidate compound with a solution containing a polypeptide of claim 
1, to form a mixture, measuring activity of the polypeptide in the mixture, and 
comparing the activity of the mixture to a standard; or 
20 (e) detecting the effect of a candidate compound on the production of mRNA 

encoding said polypeptide and said polypeptide in cells, using for instance, an EIJSA 

assay. 



7, An agonist or art antagonist of the polypeptide of claim ] . 

25 

S. An expression system comprising a polynucleotide capable of producing a polypeptide of 
claim 1 when said expression system is present in a compatible host cell. 

9. A process for producing a recombinant host cell comprising transforming or iransfectmg a 
30 cell with the expression system of claim 8 such that the host cell, under appropriate culture 
conditions, produces a polypeptide comprising an amino acid sequence having at least 70% 
identity to the amino acid sequence of SEQ ID NO:4 over the entire length of SEQ ID NO:4. 
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10. A recombinant host ceil produced by the process of claim 9. 

15. A membrane of a recombinant host cell of claim 10 expressing a polypeptide comprising 
an amino acid sequence having at least 70% identity to the amino acid sequence of SEQ ID 
5 NO:4 over the entire length of SEQ ID NO:4. 

12. A process for producing a polypeptide comprising entering a host cell of claim SO under 
conditions sufficient for the production of said polypeptide and recovering the polypeptide 
from the culture. 

10 

13. An isolated polynucleotide selected form the group consisting of: 

(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 70%, 80%, 
90%, 95%, 91% identity to SEQ ID NO:5 over the entire length of SEQ ID NO:5; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ IDNO:5; 
1 5 (e) the polynucleotide of SEQ ID NO:5 ; or 

(d) a polynucleotide which is complementary to a polynueleoi ide of (a), (b) or (c). 

14. An isolated polynucleotide selected form the group consisting of: 

(a) an isolated polynucleotide comprising a nucleotide sequence which has at least 70%, 80%, 
20 90%, 95%, 97% identity to SEQ ID NO: 1 over the entire length of SEQ ID N O: 1 ; 

(b) an isolated polynucleotide comprising the polynucleotide of SEQ ID NO: 1 ; 

(c) the polynucleotide of SEQ ID NOtl; or 

(d) a polynucleotide which is complementary to a polynucleotide of (a). {b>, or (c). 

25 16. A method for treating eytopema comprising adminstering to a patient in need thereof an 
effective amount of EPRG! inhibitor. 

17. The method of claim 1 6 further comprising coadministering with cyotokine(s). 

30 18. Hie method of claim 1 7 in which the cytokine is G-CSP, EPO, TPO, IL- 1 I . it- -3. PEG- 
rHuMGDF, FLT-3, NESP, or NEUPOGEN SD. 



1 9. An EPRG I inhibitor of claim 1 6 which is ASO comprising the sequence of SEQ ID NO: 6 or 

7. 



WO 0I/2917S 



PC17USW29072 



20. A method for increasing the effectiveness and engraftment of hematopoietic stem cell 
transplantation by treating human hematopoietic progenitor / stem ceils with an inhibitor of 
EFRG 1 . comprising; 

(a) mixing a EPRGI inhibitor with a solution containing hematopoietic progenitor and stem 
5 cells, ex vivo, followed by transplantation of the hematopoietic ceils into a patient in need 
thereof; or 

mixing a EPRG3 inhibitor with a solution containing hematopoietic cells in an ex vivo 
stem ceil expansion culture system followed by transplantation of the hematopoiesic cells into 
the patient; or 

10 (c) administering EPRGi inhibitor in vivo as an adjunct to hematopoietic stem ceil 
transplantation or during the treatment of cytopenia, 

21. The method of claim 20 in which EPRGi inhibitor is ASO comprising the sequence of 
SEQ ID NO: 6 or 7, 

15 

22. A method for increasing the efficiency of gene therapy transfer into hematopoietic stern 
ceils comprising, (a) isolating hematopoietic stem cells or modified stem cell lines; and (b) 
incubating with EPRGI inhibitor before transfection with plasmid vecsors containing any 
corrective gene of interest useful in treating a hereditary genetic diseases. 

20 

23. The method of claim 22. in which EPRGI inhibitor is ASO comprising the sequence of 
SEQ ID NO; 6 or 7. 

24. The AiSO comprising the sequence of SEQ ID NO; 6 or 7. 
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SEQUENCE LISTING 
<11Q> SmithKline Seecham Corporation 
<120> EPO PRIMARY RESPONSE GSSE 1 EPKGl 



<130> GP70010-1 

<140> Not yet Assigned 
<14I> herewith 

<150> 09/422,153 
<151> 199S 1G-21 

<1S0> 8 

<J70> FastSEQ for Windows Version 3.0 

<210> I 
<211> 2342 
<212> DNA 
<213> Hunsan 
<220> 

<22'i> Unsure 
<222> (2342) 



<400> i 



c.gcagateea 


cgccggctcc 


g ~. gc g c c a t g 


gxcacccaca 


gcaagtfct.cc 


ccK'cgccggg 


60 


atgagccgcc 


ccctggacac 


cagcctgcgc 


ctcaagacct 


tcagctccaa 


gagcgagtae 


120 


cagctggtgg 


tgaacgcagt 


gcgcaagctc 


caggagagcg 


gct.t.etactg 


gagcgcagtg 


180 


accggcggeg 


aggcgaaeci 


gctgc-tcagt 


gcegageccg 


eeggcacct" 


tctgatccgc 


240 


gacagotcgg 


accagcgcca 


cttcttcacg 


ctcagcgtca 


agacccagtc 


cgggaccaag 


300 


aacct.gcgca 


tccagrgtga 


ggggggcagc 


tcetctctgc 


agagcgaccc 


ceggagcacg 


360 


cage rcgtgo 


cccgc vtcga 


ctgcgvgctc 


aagcfcggtgc 


accactacat 


gccgccccee 


'120 


ggagccccct 


ccfctcccctc 


gccacctac;: 


gaaccccccr 


ccgaggtgcc 


egagcagccg 


480 


•cctgcccagc: 


caetccctgg 


gagtcccccc 


agaagagcct 


actaca-.cta 


ctcegggggc 


540 


gagaagatcc 


eectggfcgtt 


gagccggcec 


ctctccfccca 


aegfcggceac 


ccttcagcafc 


600 


ctctgccgga 


agaccgtcaa 


cggccacctg 


gactcctatg 


agaaagtcac 


ccagctgccg 


660 


gggcccattc 


gggagetcct 


ggaccagtac 


gacgccecgc 


^tsaaggggt 


aaagggcgca 


720 
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aagggcatgg gtcgggagaej gggacgcagg cccctctcct ccgtggcaca tggcaeaagc 780 
acaagaagcc aaccaggaga gagtcctgta gctctggggg gaacgagggc ggacaggccc 840 
ctccctctgc cctctccetg cagaatgtgg eaggeggace tggaatgtgs tggagggaag 900 
ggggagtacc acctgagtct ccagcttctc cggaggagcc agctgtcctg gtgggacgat 960 
ageaaccaca agtggattct cctt.cii.attc cc.cagctt.cc cccctgcct.c caaacagggg 1020 
acacttcggg aatgctgaac taatgagaac tgecagggsa tcttcaaact ttccaacgga "1080 
acttgtctgc tctttgattt ggtctaaacc tgagctgget gtggagcctg ggaaaggtgg 1140 
aagagagaga ggtcctgagg gccccagggc tgcgggctgg cgaaggaaat ggtcaeaecc 1200 
cccgcccacc ecaggcgagg atcctggtga catgctcctc tccctggetc cggggagaag 1260 
ggcttggggt gacctgaagg gaaccaeect ggtgeeccac aecctctcet ccgggacagt 1320 
caccgaaaac aeaggttcca aagtctacce ggtgcecgag agcccagggc ccctcctccg 1380 
ttttaagggg gaagcaacat ctggagggga tggatgggct ggrcagctgg tcfcccctttc 1440 
ctactcatac bataccttec tgtacctggg tggatggggc gggaggatgg aggagacgga 1500 
catcttccac ctcaggcccc tggcagagaa gacaggggat cetactccgt gcctcetgac 1560 
tafcgtctggc fcaagagattc gccttaaatg ctcectgtcc cacggagagg gacccagcae 1620 
aggaaagcea catactcagc ctggatgggt ggagaggctg agggactcac tggagggcac 1680 
caagccagcc cacagccagg aagtggggag ggggggcgga aaeecatgcc tcccagctga 1740 
gcactgggaa tgtcagccca gtaagtattg gccagtcagg cgcctcgtgg tcagagcaga .1800 
gceaccaggt eecaetgece egageccrgc acagccctcc ceccegcctg ggtgggggag "i860 
gctggaagtc attggaaaag ctggactgct gccacoccgg gtgctcecgc tctgccatag 3 920 
cactgatcag tgacaattta caggaatgta gccagcgatg gaaefcacctg gsacagtttt 1980 
ttgtt.tttgt ttttgrttttt gttettgtgg gggggggcaa etaaacaaac acaaagtatt 2040 
ttgtgtcagg tattgggctg gacagggcac ttgngtgttg gggtggtttt tttctctatt 2100 
ttttggtttg tttcttgttt tttaataatg tttacaar.ce gcctcaatca ctctgectte 2160 
tataaagatt ccacctccag tcctctctcc tcccccctac tcaggccctt gaggctatta 2220 
ggagatgctt gaagaactca acaaaatccc aatccaagec aaaccttgca caeatttata 2280 
tttatatfcca gaaaagaaac attccagtaa cttataataa agagcactat ttttteaatc 23 40 
an 
2342 



<210> 2 
<211> 225 
<212> PR'T 
<213> Human 



<4QO> 2 

Met: Val Tin: His Ser Lys Pha Pro 

1 5 
Asp Thr Ser Leu Arg Leu Lys Thr 
20 

Lmi Val val Asn Ala Val Arg Lys 



Ala &1& Gly Met Ser Arg Pro Leu 

10 15 
Phe Ser Ser Lys Ser Glu Tyr Gin 
25 30 
Leu Gin Glu Ssr Gly I'he Tyr Trp 
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35 40 45 

Ser Ala Val Thr Gly Gly Glu Ala Asa Leu Leu Leu Ser Ala Giu Pro 

50 55 60 

Ala Gly Thr Phe Leu lie Arg Asp Ser Ser Asp Gin Arg His Phe Phe 
65 70 75 80 

•Thr Leu Ser Vai Lys Thr Gin Ser Gly Thz Lys Asn Leu Arg lie Gin 

85 90 95 

Cys Giu Gly Gly Ser Phe Ser Leu Gin Ser Asp Pro Arg Ser Thr Gin 

100 105 13.0 

Pro Val Pro Arg Phe Asp Cys Val Leu Lys Leu Val His His Tyr Met 

115 120 125 

Pro Pro Pro Gly Ala Pro Ser Phe Pro Ser Pro Pro Thr Giu Pro Ser 
130 135 140 

Vai Pro Giu Gin Pro Ser Ala Gin Pro Leu Pro Gly Ser Pre 
145 150 155 160 

Pro Arg Arg Ala Tyr Tyr He Tyr Ser Gly Gly Qlu Lys He Pro Leu 

165 17C .1.75 

Val Leu Ser Arg Pro Leu Ser Ser Asn Val Ala Thr Leu Gin His Leu 

180 185 190 

Cys Arg Lys Thr Val Asn Gly His Leu Asp Ser Tyr Giu Lys Val Thr 

IS 5 200 205 

Gin Leu Pro Gly Pro Lie Arg Gly Phe Leu Asp Gin Tyr Asp Ala Pro 
210 215 220 

Leu 
225 



<210> 3 
<211> 2111 
<212:> DMA 
<213> Husaan 



<400> 3 

gaattcgega acagctegga ccagcggcac 

gggaccaaga acetgegea t ccaatgtgag 

eggaagaege sgcccgtgcc ccgcgtcgac 

ecgccccctg gagccccctc cttccccccg 

gagcagcegt ctgcceagce actccctggg 

teegggggeg agaagatccc cctggtgttg 

ctccagca&c tcfcgtcggaa gaeegteaac 

cagctgccgg ggcccafctcg ggagttcetg 

aagggcgcaa agggcatggg tegggagagg 



ttcttccagc t.cagcgtcaa gacccagtct 60 

gggggcagct tetgtctgea gagcgatccc. 120 

tgcgtgctga agctggtgca ccactacafcg ISO 

ccacccactg aaccetcctc cgaggtgccc 240 

agtcccccca gaagagecta ttacatctac 300 

agecggcccc tctcctccaa egtggccact 3 60 

ggccaeefcgg actcccatga gaaagtxacc 420 

gaccagtacg atgeceegcr ttaaggggta 480 

ggaegcagge ceetcccctc cgtggcacat 540 
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ggcacaagea caagaagcca accaggagag agtcctgtag ctctgggggg aacgagggcg SOC 
gacaggcccc fccccfccfcgcc etctccctgc agaatgtggc aggcggacct ggaatgtgt.t 660 
ggagggaagg gggagtacca cctgagtcte cagcttctcc ggaggagcca gctgtcctgg 720 
tgggacgata gcaaccacaa gtggattctc ccfccaattcc tcagcttccc ctctgeeccc 780 
aaacagggga cacttcggga atgctgaaet aatgagaact gccagggaat cttcaaactt 840 
tccaacggaa cttgttcgct cttcgatttg gttfcaaacet gagctggtcg tggagcctgg 900 
gaaaggf.gga agagagagag gtectgaggg ceecagggct gcgggctggc gaaggaaatg 960 
gtcacaccec ccgcccacce eaggcgagga tcctggtgac atgctcctct ccctggctcc 1020 
ggggagaagg gettggggtg aecc.gaaggg aaceatcctg gtgccccaca tcctctcctc 1083 
cgggacagtc accgaaaaca caggttccaa agtctacctg gtgcctgaga gcccagggcc 1140 
c^tcctccgc tttaaggggg aagcaacatt tggaggggac ggatgggecg gtcagctgg*: 12 CO 
ctccttfcfccc tactcatact ataccttcct gtacctgggt: ggatggggcg ggaggatgga 1260 
ggagacggga catcttucac ctcaggctcc tggfcagagaa gacaggggat tctactctgt 1320 
gcctccfcgac tatgfcctggc scaagagattc gccttaaatg ctcccegfccc catggagagg 1380 
gacccagcac aggaaagcca catactcagc ctggatgggt ggagaggctg agggactcac 144 0 
tggagggcac caagccagcc cacagccagg gaagcgggga gggggggcgg aaaeccatgc 1500 
ctcccagctg agcacfcggga atgtcagccc agtaagtatt ggccagtcag gcgcctegtg 1560 
gteagagcag agccaccagg cccc.acc.gcc ccgagccctg caeagccccc cctcctgccc 1620 
sggtggggga rgctggaagt cattggaaaa getggactgc tgccaccccg ggtgctcccg 1680 
ctctgceata gcactgatca gtgacaattt acaggaatgt agccagcgat ggaatt&ect 1740 
ggaacagttt ttcgtttttg cctstgtttt cgtttttgtg ggggggggca acta&acaaa 1800 
cacaaagtat tttgtgtcag gtattgggct ggacagggca cttgtgtgtt ggggtggtct 1360 
ttttctctat ttcttggttt gtttcttgtt ctttaataafc gtttacaafcc tgcc-ccaatc 1920 
acfcctgfcctr, ttafcaaagat tccacctcca gtcctctctc cnccccccta ctcaggccer, 1980 
tgaggctatt aggagatget tgaagaaccc aacaaaaccc caatccaagt caaaccctgc 2040 
acatatttat: atttatattc agaaaagaaa catetcagt.a atttataata aagagcacca 2100 
tttttrtaac g 2111 



<210> 4 
<211> 157 
<212> PRT 
<213> Human 



<400> 4 

Gin Phe Ala Asn S«r Ser Asp Gin Arg His Pha ?he Gin Leu Ser Val 

IS 10 15 

Lys Thr Gin Ser Gly Thr Lys Asn Leu Arg lie Gin Cys Giu Gly Giy 

2.0 25 3 0 

S*r Phe Cys Leu Gin Ser Asp Pro Arg hy$ Thr Gin Pro Val Pro Arg 

35 40 4S 

Val Asp Cys Val Leu Lys Leu Val His Arg Ser Gly Ala Pro Ala Gly 
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50 55 60 

Ala Pro Ser Phe Pro Ser Pro Pro Thr Glu Pro Ser Ser Glu Val Fro 
65 70 75 80 

Glu Gin Pro Ser Ala Gin Pro Leu Pro Gly Ser Pro Pro Arg Arg Ala 

85 90 95 

Tyr Tyr lie Tyr Ser Gly Gly Glu Lys He Pro Leu Val Leu Ser Arg 

100 IDS 110 

Pro Leu Ser Ser Asn Val Ala Thr Leu Gin Kis Leu Cys Arg Lys Thr 

115 120 125 

Val Asn Gly His Leu Asp Ser Tyr Glu Lys Val Thr Gin Leu Pro Gly 

130 135 140 

Pro He Arg Glu Phe Leu Asp Gin Tyr Asp Ala Pro Leu 
145 150 155 

<210> 5 

<211> 711 

<212> D.NA 

<213> Human 



<400> 5 



gatcetggtg 


acatgetccc 


c t. ccc tggc tr 


ccggggagaa 


gggenf.gggg 


tgaoctgaag 


60 


ggaaccatcc 


tggegcccca 


catcctctcc 


tccgggacag 


ccaccgaaaa 


cacaggttcc 


120 


aaagtetace 


tggtgcctga 


gagcecaggg 


cccttcctcx: 


gtfctsaaggg 


ggaagcaaca 


180 


tttggagggg 


acggatgggc 


fcggteagctg 


gtctcctttt 


cctactcata 


ctataccttc 


240 


ctgtacctgg 


gtgg&tgggg 


cgggaggacg 




gacasctttc 


acctcaggct 


300 


cetggtagag 


aagacagggg 


atfccfcactct 


gtgcctcctg 


actatgcctg 


gctaagagat 


360 


ccgccttaaa 


tgctccefcgfc 


tccatggaga 


gggacccagc 


acaggaaagc 


cacatactca 


420 


gcctggatgg 


gtggagagge 


cgagggactc 


actggagggc 


eivCaagccag 


ccc«c«gcea 


480 


gggaagtggg 




ggaaacccat 


gccccccagc 


cgagcactgg 


gaatgtcagc 


540 


ccagtaagta 


ttggccagte 


aggcgccteg 


tggtcagagc 


sgagccacca 


ggccccactg 


600 


ccccgagccc 


tgcaeagccc 


tccetccfcgc 


ctgggf.gggg 


gaggctggag 


gtcattggag 


560 


aggctggacc 


getgccaccc 


cgggtgctcc 


cgctatgeca 


cagcaetgat 


C- 


711 



<21fi> 6 
<213> 20 
<215> DNS. 
<213> Human 

<400> 6 

gaecatggcg cacggagcca 20 
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<213> 7 

<2Xl> 20 

<212> Dm 

<213> Human 

<400> 7 

gctgtgggtg accatggcgc 20 

<210> 8 
<2ll> 20 
<212> DMA 
<213> Human 

<400> 8 

ccgtgcgcca tggtcaccca 20 
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